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5 BACKGROUND TO THE FRESENt INVENTION 

Field of the Invention 

The present invention relates to highly 
branched, uncrossl inked polymers prepared from 
multifunctional monomers having a structure represented by 
10 AQB V * The present invention also relates to methods for 
the preparation of highly branched polymers ana 
multifunctional monomer s« 

2^ p^giafeiflw of Elated Art 

15 Nobel Laureate Paul J. Flory proposed highly 

branched soluble polymer a vhich are not crosel inked but 
which have random branching in ^ urnal of th * American 

ghemi c a 1 Soc i e > 74, p* 2716 <19S2>. Flory's 
(theoretical) highly branched polymers are prepared by 

zo polymerization of multifunctional monomers having a 
generic structure AB X , wherein A and B are functional 
groups and x is greater than or equal to 2. However, 
Flory r s early proposal provides no guidance about how to 
impart advantageous properties to real commercially useful 

25 polymers. 

ICI's U.S. Patent No. 3,669,939 discloses the 
synthesis of highly branched, uncrosslinked aliphatic 
polyesters by polymerization of monomers each having one 
earbo*ylie acid functionality and a plurality *£ alcohol 

30 functionalities. However, the low glass transition 
temperature (Tg) of these polymers reatricts their 
application temperature. 

Professor Frechet and coworkers disclose the 
synthesis of highly branched, uncrossl inked polyesters or 

35 polyamides in U.S. Patent No. 5,514,764, incorporated 
herein by reference. Aromatic monomers, A-R~B a , are 
employed wherein A and B represent functional groups which 
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n*n form ester or amid* linkages and R represents an 

braactod polY»Bis have v«y high 9l«» ttauaition 

, proc.saino difficult. »l.o. th* st.ttl*, ~-»« »• 
«.»= t -««Mitiv« and difficult to ptepate. 

tM~ and other problem a.a=oi.t.a .u» oo»»nt.onal 
highly branched polymers. 

0 SUMMAfty OK THE PRESENT INVENTION 

Objects of the present invention include the 

transition temperature which allows tor m« ^ ¥>tAr 
L5 hiripPl^aticn te,p" and preening- -ot>« 

otiect is to use a monomer system having synthetic 
versatility! convenience, and stability t* addition. ^ 

allow the polymer to meet various applicatxons. 

20 These and other objects are achieved in the 

present invention for highly branched polymers containing 
eft-lull* bound monomeric units tepresented by AOB^i 
vherein 0 represents a 1,3.5-triazine * ^ 

rBDtM „ t poly«eri Z able functional groups linked to the 
" P<e °° n P !,„ 1 and x presents the number of 8 groups 

25 triazine radical, and x repress 

-a*. a «d la areata* than or eoual to Z. 
p« mono»e« *• ^ 

functional groups A and B can react »"* 

not react with tnemselves, under customary 
Z,ZZlZ»n Edition, t. for. highly branehod poiyra 
,0 tri.*l»a "did. 1» t*. highly branch.* 

pllyl h!=»o». Th. propyl., of tba polyaar canb. 
^aiLrad by contro! of th. atructur. o, th. tta-i 
group.. Th, polype h.v. glaa. tranaltion tanparatura. 
bawLn about 40-C and about 300-C. w.,ht-.v«»,e 
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' secular weights between 10' and 10- g/«ol • contain 
rigid and flexible chain section* vhioh allow fot both 
sufficiently high application temperatures and desirable 
melt condensation and polymer processing behavior- 
s Advantages of the present invention include the 

diverse characteristics of these polymers which result 
from the diverse multifunctional monomers which can be 
readily prepared. For example, the functional groups A and 
B c*» contain alkyl segments which can be varied widely to 
10 tailor the polymer properties. Horeover, these highly 
branch** poly**" have better flame extinguishing 
characteristics compared to, for example, the '"-"it. 
highly beached polymer* diaeloied in U.S. B.S14,7«4. 

15 DETAILS DESCRIPTION OF *HE PW3SEH* IMVEWTION 

The highly branched polymers according to the 
present invention contain at least 5 mol*, and preferably 
at least 10 *>», and preferably at least 20 mol%, of 
polymerised multifunctional monomer AQB X . If relatively 
20 dense polymers are required, then preferably more than 50 
mol% of multifunctional monomer aqb, is used. 

The highly branched polymers can be, for 
example, highly branched polyesters, polyester amides, 
polyamides. and polrur ethanes. In particular, highly 
25 branched polyester, polyester amide, and polyamide types of 
polymer* sie preferred. 

in a preferred embodiment, the multifunctional 
monomer, AQB„ can bo represented by formula I ' 



N-Di 



N~D 3 
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which illustrates the'l,3,5-triazine ting with nitrogen 
atoms substituted at the 2, 4, and 6 ring positions, with 
those nitrogen atoms having substituent groups, D 1 to D s 
attached. Each multifunctional monomer unit, AQB,, has one 
5 polymer izable functional A group, present in the D 1 group, 
and at least two polymer izable functional b groups, 
present in the I) 2 to D« groups, as shown in formula I. 
Preferably, however, not all the D 2 to D« groups in 
fiormula. I a*© functional iaed with a B group. Thus, the 
10 preferred monomers contain both functional ired and 

afunctional ized D groups linked to the ttiaaine ring via 
the nitrogen atoms substituted at the 2, 4, and 6 ring 
positions. 

The functionalized D l group can be represented 
IS by -x-A wherein X is a linking group between tne nitrogen 
atom substituted onto the 1,3,5-triazlne ring and A is the 
functional group which undergoes reaction during 
polymerization. Similarly, at least one of the n* to D« 
groups can be represented by -Y-B or -Y-B, if there is 
20 more than one B group bonded to Y, wherein J is a linking 
group between the nitrogen atom substituted onto the 
1,3,5-trtaaine ring and B is the functional qroup which 
also undergoes reaction during polymerization. 

The X and Y linking groups can be identical or 
25 different and varied independently of each other. The X 
and Y linking groupe can be, for ©sample, a C1-C36 
hydrocarbon group. In addition, the invention includes 
embodiments for X and Y wherein two hydrocarbon groups of 
the D-groups, substituted onto the same nitrogen atom, can 
30 form a heterocyclic ting. The heterocyclic ring includes 
the nitrogen atom bonded to the triazine ring at the 2, 4, 
or 6 ring position. Examples of heterocyclic groups 
include pyrrolidine and piper idine. 

The C1-C36 hydrocarbon group can have a linear, 
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branched or cyclic chain arrangement. The linear or 
branched chain structure can be saturated or unsaturated 
and can contain an alicyclic or aromatic compound, the 
hydrocarbon group can be, for example, derived from a c x - 
S c as -al1tane. a c 3 -C at -cyeloalkane, a C,-C 3< -alltone, a C 2 -C ai - 
alkyne, or C T -C 36 -arene. Examples include methane, ethane, 
propane, n-butane, isobutane, n-pentane, isopentane, 
neopentane, eyclopentane, hexane, cyclohexane, heptane, 
cycloheptane, octane, cyclooetane, decana, pentadecane, 
10 eicosane, docoaane, triacontane, ethane, propene, butene, 
pentene, hexene. heptene, octene, nonene, deeene, penta- 
decane, eicoaene, docosene, triacontene, acatylene, 
prepyn*, butyn*. pentyn*. hexyne. heptyne. octyne, nonyne, 
decyne, pentadecyne, elcosyne, docosyne, triacontyne, 
IS benzene, toluene, xylene, ethylbenzene, n-propylbenaene, 
cumene, n-butylbenaene, isobutylbenzene, sec-butylbenzene, 
tert-butylbenzene, octylbenzene, tetradecylbenzene, 

eicosylbenzene. 

Under customary polymerization conditions used 

20 by one skilled in the art, the functional groups A and B 

are generally reactive with each other, but In general, A 

will not react with A and B will not react with b (the 

functional groups A and B will not self react). Customary 

polymerization conditions are the conditions employed 

25 during melt or solution polymerization. The preferred 
polymerization conditions will depend on the functional 
groups and are known to those skilled in the art. For 
example, eee np^onfc of Polymer Svnth«»fflB , edited by 
xricheldorf; Series: Plastic Engineering, 24 (1991), the 

30 complete disclosure of which is hereby inoospetatod by 
reference. 

The P B to D* groups, ate pr«£erably not all 
functionalized to undergo polymerization, unfunctionalized 
D groups can be. for example, independently of each other 
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selected to be a hydrogen atom or a C1-C36 hydrocarbon 
group, or derivative thereof, as defined above for the 
linking groups X and Z. The afunctional iwd D group is 
preferably hydrogen because the multifunctional motors 

i are then simple to prepare. ,„ rtn „ H<a 
The functional groups A and B can each include, 

£oC .^ple, alcohol, ether, amine, alkylamine, 
oxvcarboayl, amide, hydtoxyalkylamide, etheralkylamide. 
ieLyanat*. a^ acyl halide groups. The functional groups, 
> for example, can be repreaented by -C*S 

comhe. 1 , eoi— m*. or -COE. wherein B >■ a halogen 

such as fluoro, chloro, bromo, or iodo, and ^ 
be a nydrogen or a C1-C36 hydrocarbon group, and wherein 2 
can also be a C1-C36 hydrocarbon group. Preferably, the 
5 halogen E is chioro. m particular, alcohol, **h*x , a.m., 
allcylaniine. carboxyl, oxycarbonyl, amide, and 
hydroxyalkylamide groups are preferred because they can be 
incorporated into the multifunctional monomers in a simple 
and highly controlled fashion. 
f0 if the functional group A or b is a hydroxy- 

alkylamide group, I represents a linkage between the 
hydroxyl and the amide groups. Similarly, if the 
functional group A or B is an etheralkylamide group, Z 
represent* a linkage between the ether and amide groups. 
25 The group R* can be a hydrogen atom or a hydro- 

carbon group. The sise -nd of * is ^"tant 

insofar as it partly determines the reactivity of the 

functional groups. 

The functional groups & and B are preferably 
30 present as terminal groups on the linking groups x and v 
so that the functional groups are readily accessible and 
little steric hindrance is encountered in the 
polymerization reaction. 

The number of functional groups B in each 
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monomer unit. represented by *, is at least equal to 2. 
Preferably, x is smaller tten 5, and preferably x is equal 
to 2. Preferably, three of the D groups in the monomer 
repeal: unit remain unf unationaliaed. 
S If a single D group contains more than one B 

functional group, n is in general equal to 2 or 3. Moat 
preferably, however, n is equal to l {a single D group 
contains a single functional group B), because the multi- 
functional monomers can then be tailored in a simple and 
10 highly controllable manner. 

In a preferred embodiment, the highly branched 
polymers are prepared from multifunctional monomers 
wherein the D 1 contains a carboxyl group A, and the D 3 and 
D s groups each contain at least one B group which ia 
15 preferrably a hydroxyl, amino, or hydroxyalkylamide group. 
Alternatively, the multifunctional monomers are also 
pxefetrod wherein the D 1 group preferably contains a 
hydroxyl. amino, or hydroxyalkylamide group A, and the D 3 
and D* groups each contain at least one carboxyl gxoup B. 
2 0 The groups D 1 to D* of the multifunctional 

monomers are preferably linear or branchea groups 
containing the polymer izable functional groups A or B. The 
linear groups are more preferred because the functional 
groups A and B encounter little sterie hindrance during 
25 reaction. The length of the linear backbone chain in this 
case can vary within wide limits and can be, for example, 
between 2 and 36 carbon atoms, and preferably* between 2 

and IB carbon atoms. 

After polymerization, the glass transition 
30 temperature of the highly branched polymer is preferably 
between about 40 B C and about 300*0 (as measured by 
differential scanning ealorimetry with a heating rate of 
20°c/min). The length of the alkyl segments present in the 
monomer are prefexably chosen so that the Tg of the highly 
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branched polymers la between about S0»C and about 150«c, 
and in particular, between about 50-C and about 130-C 
Preferably, the alkyl segments include C2 to C8 groups. 

The weight-average molecular weight of the 
5 highly branched polymers can be, for example, greater than 
about 10> g/mol, and preferably, greater than about 1,500 
g/mol. and more preferably greater than about 2,000 g/aol. 
The weight-average molecular weight is generally leas than 
about 10* g/mol, and preferably less than about 500,000 
10 g/mol, and more preferably less than about 300,000 g/mol. 
The intrinsic vieeosity [h] of the highly branched 
polymers is generally greater than about 0.01 dl/g, and 
preferably, greater than about 0.03 dl/g, and mote 
preferably greater than about 0.05 dl/g. Intrinsic 
15 viscosity is generally less than about l dl/g, and 

preferably less than about 0.9 dl/g, and more preferably, 
less than about 0.6 dl/g. Weight-average molecular weight 
and intrinsic viscosity can be measured in 
hexafluoroisopropanol by size-exclusion chromatography 
20 (SEC) using a differential viscosimeter detector in 
combination with a OV-V1S and TB. detector. 

The highly branched polymera can be homopolymeia 
or copolymers- Copolymers can be prepared from two or more 
monomers represented by the formulae AOB and AOB. wherein 
25 at least one monomer is represented by AOB,. For these 
copolymers. A, 0, B and * are as defined above. The 
monomer AQB contains one and only one functional group B. 
an illustrative example of an AQB monomer io amino- (C a - 
C„)-alkanoie aeid. Copolymers can contain, or be prepared 
30 from, between about 5 and about 99.9 aol% of aqb, monomer 
and between about 0.01 and about 95 mol% of AQB monomer, 
and preferably, between about 10 and about 99.9 mom of 
AQB monomer and between about 0.01 and about 90 mol% of 
AQB* monomer , and more preferably, between about 20 and 
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about 99.9 mol% of AOB* monamar and about 0.01 and about 
BO nol% o£ AQB monomer - 

In addition, the highly branched polymer's, 
rao lecular weight *n* molecular w-ight distribution can be 
controlled with the use of a compound which, for example, 
contains at least one functional group B, as defined 
above, but has no functional group A. 

Pot a branched polymer prepared entirely ft an 
AQB 3 monomers, the degree of branching <DB) can be defined 
as the fraction of terminal groups (T) and branched groups 
(B) incorporated into the polymer with respect to the 
total number of monomers incorporated into the polymer, 
according to the following formula: 



1S OB - (B + T) / C8 + T + L) 

vhexoin » represents the number of branching units where 
the functional group A and both functional groups B have 
reacted, T represents the number of terminal units where 
20 the A group but none of the B groups has reacted, and L 
represents the linear units where the A group and one of! 
the B groups has reacted. It follows from the formula that 
for branched polymers of multifunctional monomers AQB, the 
db is between 0 and l. The percentage of branching is 

25 equal to DB * 100. 

The highly branched polymers of multifunctional 
monomers AQB* according to the invention have a percentage 
of branching of at least 40 h. and preferably, at least 50 

30 % " highly branched polymers can be prepared 

using customary preparation methods for converting 
monomers with corresponding reactive groups into linear 
polymers. For example, condensation polymerization can be 
effected in the melt ot in tho presence of a solvent, 
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including solution polymerization. A possible drawback of 
3QlvenL-based polymer ization, however , is that the solvent 
has to be removed again* Therefore, melt polymerization is 
preferred* 

5 Polymerization catalysts can be employed to 

increase the rate of polymerization, and suitable 
catalysts ate known to those skilled in the art. Catalysts 
for the preparation of polyesters # polyesteramides or 
polyamides include, for example, Brfinated and Lewis acids* 

10 Examples include sulfonic acids such as, for example, 

methanesulf onic acid and p-toluenesulf onic acid; cobalt 
compounds such as, for example , cobalt (II) acetate; 
titanium compounds such as, for example, titanium (IV) 
(ethoxide) 4 , t itanium( IV) <propoxide) 4 , titanium(IV) 

15 (isopropaxide) 4 » t Itanium ( IV) (butoxide) 4 or t Itanium ( IV) 
{2-ethylhexoxide}*; and tin compounds such as, for 
example, dibutyltin oxide, dibutyltin diacetate, 
dibutyltin bis(2-ethylhexanoate) r and dibutyltin 
dilaurate. The amount of catalyst in the polymerization 

20 mixture can vary from, for example, about 0.01 mol% to 

about 10 mol%, with respect to the molar amount of monomer 
and la preferably between about 0*2 and about 5 mol%. Most 
preferably, the amount is between about 0.5 mol% and about 
2,5 mol%. 

25 polymerization can be effected at elevated 

temperature, and in general , can be between about 100°C 
and about 300*C. Polymerization temperature must not be so 
high aa to give rise to decomposition or degradation of 
polymer or monomer, 'or unwanted cross-linking. Therefore, 

30 polymerization temperature is preferably between about 
140°C and about 280°C. 

Polymerization pressure generally can be between 
about 10"* MPa and about 10" 1 KPa, and preferably/ is 
between about 10~ s KPa and 10 -1 HPa. 
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During polymerization, the polymerisation 
mixture changes usually from a thin liquid into a viscous 
paste. Glassy materials ate generally obtained after 
cooling the mixture to room temperature,* 
5 The highly branched polymers according to the 

present invention, in addition, can be modified with, for 
example, alkyl, aryl, and/or vinyl substituents in order 
to, for example, increase solubility in organic solvents, 
enhance compatibility with other polymers, crosslink the 
10 polymers, or tailor the Tg. Examples of reagents or 
substituents which can be used to modify the polymers 
include C,.-C, t alkanols, C r -C 3K alkanoic acids, N-hydroxy- 
»thyl-(C»-C M )-s»1fc»noie amides, C x -C ie alkanoyl chlorides , 
Cl -C a4 alkyl isocyanates. C^C^ alkanoic acid esters, d- 
15 e„ alkylemo oxides. In addition, aromatic and unsaturated 
compounds or substituents can be used such as, for 
example, phenols or acrylates respectively. 

Ihe polymerization reactions are preferably 
carried out in a batch reactor vessel, but can also be 
20 carried out in a continuous or a semicontinuoua process. 

Monomer preparation can be carried out by means 
of customary methods employed in the preparation of 
substituted 1.3.5-triaaine derivatives. Such methods can 
entail, for example, nucleophilic substitution of cyanuric 
25 chloride which has three chlorine atoms of different 
reactivity. Exemplary methods are disclosed in, for 
example, Ouirke, J.H.E., i .a.5-Triazines. Con»Pir»hensive 
f-^ro^H. chemi stry. Vol. 3, p. 482-485, Pergamon Press 
(1984), the complete disclosure of which is hereby 
incorporated by reference- Hoiiom*** can be prepared by 
reaction of cyanuric chloride with primary amines, H a N», 
0t secondary amines, HNRR* » in the presence of a odium 
hydroxide. The amine substituents, ft and R', are selected 
according to the desireo. configuration or the D r to d* 
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groups, as defined above. The reaction medium can be an 
aqueous solution. Advantageously, the ttiazine's different 
chlorine atoms ace reactive at different temperatures 
which allows the substituents to be varied. The reaction 
5 mixture in general should not be heated stepwise, but 
rather, should be heated only slowly, to prevent such 
problems as premature hydrolytie cleavage of chlorine 
atoms of cyanurie chloride and formation of cyanuric acid 
deiivattves. 

10 During monomer synthesis, when it is desired 

that one or more of the functional groups. A and B, be an 
amine or alkylamine group, an excess of H 2 NR or HTOR' is 
preferably used. The excess amine helps prevent formation 
of branched products in which a plurality of 1,3,5- 
15 triazine rings are linked to one another via one or more 
diamine- (Cj-C^-alkane bridges. 

In general, the monomers can be purified, Cor 
example, by acidifying the reaction mixture, which is 
preferably aqueous, to about pH 2 to 6. The monomer 
20 precipitates from solution and can be filtered off. If the 
multifunctional monomer is water-soluble, the metal salt 
of the monomer can be isolated by extraction. Preferably, 
the metal is an alkali metal such as, for example, sodium. 
Extraction can be carried out with various organic 
25 solvents such as, for example, tetrahydrofuran or acetone. 
Impurities are extracted and the metal salt is then 
dissolved in water. The aqueous solution is then acidified 
with a solution oC a strong acid such as. for example, Hd 
or H 2 S0,. Water is subsequently ovaporated, purified 
30 monomer is then extracted with organic solvent, and the 
solvent removed by evaporation. 

The purity of the monomer can be checked by *H 
NHS, 13 C mm, **N hmh, elemental, and capillary 
electrophoresis analyses, in addition, terminal group 
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determination viar for example, titration can be used. The 
purity i a generally mote than about 95 wt. %. 

The presently disclosed highly branched polymers 
can serve, Cor example, as multifunctional crosslinkere in 
5 resins and coating©, multifunctional cores in star 
polymers, compatibilisers in polymer blends, melt 
elasticity enhancers, viscosity regulators, binders, 
adhesives, solubilizeis, nucleants with respect to 
crystallization processes, ion exchangers, completing 
10 agents, excipients of medicaments, catalysts, colorants, 
peroxides and other low molecular weight substances which 
are adsorbed on the surface or dispersed in the polymers* 

The invention is further illustrated in the 
following non-limiting examples. 

15 

EXAMPLES 
F!^mt>ie is ttonomor preparation 

2 , 4-bia { €-carboxy-n-pentylamino)~6-( 4-amino-n-butylamino)- 
a-tr iazine 

20 To a suspension of 73.8 g (0,4 mol) of cyanuric 

chloride in 400 ml of water /ice, a solution of 104.9 g 
(0.8 mol) of 6-aminocaproic acid and 64 g (1-6 mol) of 
NaOH in 700 ml of water was added dropvise over a period 
of u at 0°C. The reaction mixture was stirred for an 

2b additional 1 h at 0*C, after which an additional 500 ml of 
water were added. Over a period of 2 h, the mixture was 
warmed to 4S°C, at which temperature stirring was 
continued for an additional 2 h. Tha reaction mixture was 
transferred into a dropping funnel, and over a period of 2 

30 h, added dropwise to a mixture of 350 g {3.970 mmoll of 

1,4-diaminobutane and 100 ml of 4M NaOH, which was stirred 
at 100 # C. After addition was complete, stirring waa 
continued for an additional 1 h at 100 *C, after which the 
mixture was acidified with dilute n 2 so 4 to pB 4 to 5. The 
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white suspension which formed was filtered off and was 
further purified by recrystallization from wo tot. Yield* 
160 g {94 %); melting point: 140-l45 a C. 

5 Example II : Monomer Preparation 

2^4"bis(c-carboxy-n-pentylamino)-6-(6-amino^n-hexylamino)- 

s-triazine 

To a suspension of 73,8 g (0.4 mol) of cyanuric 
chloride in 600 ml of water/ice, a solution of 104.9 g 

10 (0.8 mol) of 6-aminocaproie acid and 64 g (1.6 mol) of 

NaOK In 1,000 ml of vat at was add* a dropwiae over a period 
of l.S h. The reaction mixture was then stirred for an 
additional 1 h at 0 n C* Over a period of 2 h, the mixture* 
was warmed to 45*C, at which temperature the mixture was 

15 Stirred Tor an additional 2 h- The mixture wao then 

transferred to a dropping funnel, and over a period of 0.5 
h, added to 464 g (4 mol} of 1, 6-diaminohex»ne, which 
meanwhile was being heated from S0»C to 100 ft C. After 
complete addition, stirring was continued for a further 2 

20 h at 100«C. After cooling to room temperature, the light 
suspension was filtered, and the filtrate was acidified 
with 37 % strength HC1 to pH 4 to 5. The white suspension 
which formed was filtered off and recrystallized twice 
from 1.500 ml of water. Yield: 153 g (84 %); melting 

25 point: 175-180°C. 

Example III: Honomer Preparation 

2 , 4-bis ( c-car bo«y-n-pentylamino >-6- < p-hydr oxye*hylamido-n- 
pentylamino ) -s~t r i az ine 
30 TO a suspension of 36.9 g (0.2 mol) of cyanuric 

chloride in 320 ml of water /ice, half of a solution of 
S2.5 g (0,4 mol) of 6-aminocaproic acid ana 32 g (0.8 mol) 
of NaOH in 200 ml of water was added dropwUe at 0-5°C 
(solution A) » The reaction mixture was stirred for 2 h at 
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0"C and then warmed to 40-C The second half of solution A 
van added dropwise, ovet a period of In, after which 
stirring was continued for a further 2 h at 40-50»C. The 
reaction mixture was then heated to SO'C. and in four 
5 portions, a total of 50 ml of 4M NaOH and 34.85 q (0.2 

mol) of (2-hydroxyethyl>-6-aminohQX*fteearboxylamide in ISO 
ml of water were added. After complete addition, the 
reaction mixture was stirred Cor a fuithes l.S h at 100°c 
at pH 10. The mixture was then acidified to pH 3 by means 
10 of SO % strength H a S0 4 , and the precipitate which Cormed 
was filtered off. The mother liquor was boiled down and 
filtered again. The combined residue fractions were 
recrystallized from a mixture of water and alcohol (40/60 
* v/v). Melting point: 15 0-15 2 »C. 

15 

Rxanrole IV ; Monomer preparation 

2 , 4-bis (s-carboxy-n-pentylamino)-6-<p-hydroxyetbylamino)- 
e-triazine 

lo a suoponsion of 36.9 g (0.2 mol) of cyanuric 
20 chloride in 120 ml of ice/water, a solution of 52.5 g 

(0.4 mol) of 6-aminocaproic acid and 33 g (0.B3 mol) of 
HaOH in 300 ml of water was added dropwise at Q-5°C. The 
reaction mixture was stirred for l h at 0»C and then for 
2 hat S0°C. A solution of 18 g (0.3 mol) of ethanolai&ine 
25 and 8 g (0.2 mol) of NaOH in 40 ml of water was then addeo 
dropwise. The reaction mixture was refluxed for 18 h. 
After cooling to room temperature, the mixture was 
filtered and acidified with 10 % strength H a SO« solution 
to pH 4. The precipitate which formed was filtered, washed 
ao with water and ethanol, dried and then recrystallized from 
10 % Of acetic acid/water. *ield: 60 g (75 %) » melting 
point'. 172-174'C. 
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Example V : Monomer Preparation 

e - C arboxy-n-pentylamino)-4 , 6-bis-(0~hydroxyethylamino) - 

s-triazine 

k suspension or 73 g (0.41 mol) of cyanuric 
5 chloride in 225 ml of warm acetone was slowly added 

dropwise to 300 ml of ice/water. To this mixture, over a 
period o£ 10 minutes, 2 equivalents* 49.5 g (0*81 mol) of 
ethanolamine were added dropwise, the temperature of the 
reaction mixture rising from 8 to 22°C. Over a period of 5 

10 hours, a solution of 33 g (0.83 mol) of NaOH in 300 ml of 
water waa then added dropwise so that the pH of the 
reaction mixture remained below pH 7. The reaction mixture 
uog then atirxed for another 16 h at room temperature, Tho 
precipitate was filtered off r washed with water, and 

13 resuapended in GOO ml of vate* • Then 4B.6 g (0.37 mol) of 
6-aminocaproic acid were added, and the mixture was heated 
to 90°C. A solution Of 33 g (0,83 mol) or NaOH in 300 ml 
of water was added dropwise over a period of 1 h. The 
reaction mixture was refluxed for 3 h r cooled to room 

20 temperature, and filtered. The filtrate was acidified with 
300 ml of 1M H 2 S0 4 to pH 7 and then to pH 3 with 120 ml of 
25 % strength KHS0 4 solution. The water was evaporated and 
Na 2 S0 4 was added to the residue. The mixture was then 
extracted with acetone by soxhlet extraction. Finally, the 

25 extract was boiled down* Yield: 99 g (74 %) 

Example VI: Polymer Preparation 

Preparation of polyamide from 2,4-bie(*-carboxy-n-p»ntyl- 
amino ) «-6- ( 4-amino-n-butylamino ) -a-tr iaz ine 
30 A quantity of 30 g of 2 t 4-bia(e-carboxy-n- 

penty lamino ) -6- ( 4-amino-n-butylamino) -s-tr ia2 ine was 
degassed five times, aerated with N t , and then, heated at 
175 °C under a vacuum of 0.5 Pa for 8 h in a rotary 
evaporator which was heated with the aid of an oil bat&* 
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During the polymerization water was liberated, and the 
initially thin melt changed into a highly viscous paste- 
After cooling, 28 g of pale-yellow glassy material was 
obtained. T,: 88°C. m^i 20 , 000 g/mol, M^/M^s 10, thJ 1 
5 0.15 dl/g (hexafluoroisopropanol, room temperature XT) - 

Example VII : Polymer Preparation 

Preparation of polyester from 2-(E-ca;cboxy-n-pentylamino)- 
4* 6-bis-(£-hydroxyethylamino)~s-triazlne 

10 A quantity of 12*5 g of 2-( e-carboxy-n- 

pentylamino)-4,6-bia-(^hydroxyethylamino)-s-tria2ine and 
9S mg of dibutyltin oxide was degassed five times , aerated 
with N a , and then heated at 190°C under a vacuum of 0,5 Pa 
for 8 h in the abovementioned rotary evaporator. During 

15 the polymer isafc ion , water wad lib»r*fcAd, and the thin melt 
changed into a highly viscous paste. After cooling, 10-5 g 
of glaasy yellow- orange polymor was obtained. X 9 s 103°C* 
n„: 7,200 g/mol, M^/M^: 3*5, [hJ = 0.09 dl/g 
(hexafluoroisopropanol* RT). 

20 

Example vlll t Polymer Preparation 

Preparation of polyesteramide from 2, 4-bia( e-carboxy-'n- 
pentylamino)-6-((5-hydroxyethylamido-n-pentylamino)-s- 

triazine 

25 A quantity of 4.8 g of 2 ,4-bifl< e-carboxy-n- 

pent y 1 ami no ) - 6- ( p-hydr oxy e t hy lami do-n-pent y 1 am i no ) -e- 
tria2ine and 24 mg of dibutyltin oxide was degassed, 
aerated with N,, and then heated at 190°C under 0.2 Pa for 
7.5 h in the abovementioned rotary evaporator. During 

30 polymesixation, water was liberated, and the thin melt 

changed into a highly viscous paste. After cooling, 4.7 g 
of polymer waa obtained. T g s 61*0. 106,000 g/mol, 

tt^/H,,: 96, 0.20 dl/g (hexafluoroisopropanol, RT). 
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|pvn«iple IX ; Polymer Preparation 

Preparation of copplyeunide from 2,4-bis(e-carboxy-n- 
pentylamino)-6-(4-amino-n-butylamino)-s-triazine and 6- 

aminocaproic acid 

A quantity of 2.6 g of 2,4-bia<£-carboxy-n- 
P entylamino)-6-(4-amino-n-butylamino}~-s-triazine and 2.4 g 
of 6-aminocaproic acid was degassed five times, aerated 
with N 2 and then heated at 190°C under 0.1-l.S Pa for 6 h 
in th* »bovementioned rotary evaporator. During 
polymerization, water was liberated, and the thin melt 
changed into a highly viscous paste. After cooling, 3.95 g 
of glassy pale yellow polymer was obtained. II*: 62,000 
g/mol, W,./!^: 22, [hi' 0-27 dl/g (hexafiluoroiflopropanol . 
R2). 



15 



20 



ffiyAn.nl e X: Polymer Preparation 

Preparation of polyester rrom 2,4~bis(e-carboJcy-n-pentyi- 
amino ) -6- ( fi-bydr oxyethylamino ) -s-t r iaz ine 

A quantity of 5.02 g of 2,4-bis(s-earboxy-n- 
pentylamino)-6-(p-hydtoxyethyla*ino)-s-triazine and 50 mg 
of methanasulfonic acid was heated for 6 h at 1B5»C, 
followed by post condensation at 220*C for 1.5 h. The 
resulting pale brown glassy polymer was ground and added 
to a solution ofl thionyl chloride in tetrahydrof uran. 
25 under reflux, the polymer slowly dissolved, the terminal 
carbo*yl group* being converted into acyl chloride groups- 
The solution was boiled down and then dissolved in 
absolute tetrahydxofuran to which tr iethylamine had been 
added. An excess of absolute ethanol was then added 
dropwise. The polymer solution was precipitated ia a 
tetrahydrofuran/water mixture, and the polymer dried under 
vacuum. V- 42,000 g/mol. M*/M a ; 11): °« 08 al / a < hexa ' 
f luoroisopropanol, BX). 



30 
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g yamnle XI : polymer preparation 

Preparation of polyamide from 2,4-bis( e-earboxy-n-pentyl- 
araino)-6-(6-amino-n-hexylamino)-s-triazine 

A quantity of 6S g of 2 . 4-bis ( fi-carboxy-n- 
pentyl ami no ) -6- { 6-amino-n-hexylamino ) -1 , 3 , 5 -t r iaa ine was 
degassed ten times, aerated with N 4 , and then heated at 
175 o C under 0.1 Pa for 6 h in a rotary evaporator which 
vas heated with the aid of an oil batn. The pressure was 
then reduced to a vacuum of 0.15 Pa and heating continued 
for a further 25 h. During the polymerization, water was 
liberated, and the viscous melt changed into a highly 
viscous paste. After cooling, 62.5 g of pale yellow glassy 
material was obtained. T fl : 79*C. K' 139,000 g/mol, M./W.: 
10, 1*1]: 0.44 <*l/g (hexafluoroisopropanol, 

while the present invention has been disclosed 
in detail and with reference to specific embodiments 
thereof, it vill be apparent to those of ordinary skill in 
the art that various changes and modifications can be made 
therein without departing from the spirit and scope 
20 thereof. 



10 



15 
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l. A composition comprising a branched polymer 

containing chemically bound multifunctional monomer 
units of the formula AQB, wherein, 

(i) 0 represents a 1,3,5-triazine radical, A and B 
represent polymer iaable functional groups 
linked to said triazlne radical 0 which react 
during said polymerization, and x represents 
the number of B functional groups per said 
multifunctional monomer before said 
polymerization and is greater than or equal to 
2, 

(ii) said functional groups, A and B, react with 
each othai , but not wit* themselves, undo* 
customary polymerisation conditions, 

(iil) said runctlonal groups A and B react to form 

linkages, and 
(iv) said branched polymer has a glass transition 

temperature between about 40°C and about 300*C 
and a weight-average molecular weight between 
about I0 a and 10* g/mol. 
2. A composition according to claim 1, wherein said 
multifunctional monomer, AQB„, is represented by 
25 formula X: 
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said polymer izabie functional group A is contained 
vithin the D 1 group, said polymer isable functional 
groups B are contained within the D l to D« groups, 
and said functional group* A and B *r* selected from 
5 the group consisting of -OR 1 , -MBR 1 -COOR\ CONHR 1 , 

CONE-Z-QR 1 , -NCO, or -COE. wherein E is halogen. R 
can be hydrogen or a Cl to C36 hydrocarbon group, and 
Z can be a Cl to C36 hydrocarbon group. 
3 a composition according to claim 2, wherein said & 
iH represented by -x-A, at least one of said B» to D 
groups are represented by -Y-B n , x and Y ean be Cl to 
C36 hydrocarbon groups, n is 1. 2, or 3. and X and Y 
link A and B, respectively, to the nitrogen atoms 
substituted onto the 1. 3.5-tr iazine ring. 
a composition aeeording to claim 3, wherein n is 1. 
A composition according to claim 3. wherein X and Y 
are Cl to C36 hydrocarbon groups derived from a 
hydrocarbon group selected from the group consisting 
of C,, to C„-alkanes, C, to C„-cycloalkaaoe, C z to 
C„-alkenes. c, to C JS -alkynes, and C, to C„-arenee. 
A composition according to claim 3, wherein the two 
hydrocarbon groups of ths D-groupa substituted onto 
the same nitrogen atom forms a heterocyclic ring, in 
which the heterocyclic ring includes the nitrogen 
atom bonded to the tr iazine ring at the 2, 4 or 6 
ring position. 

A composition according to claim 5. wherein X and Y 
ate selected from the group consisting of methane, 
ethane, propane, n-butane. isobutane. n-pentane, 
ioopentano. neopentane. cyclopentane, hexane, 
cyclohexane, heptane, cyeloheptane, octane, 
cyclooctane, decane. pontadecans. eieosane. docosane, 
triacontane, ethene, propene. butene. pentene, 
hexene, heptene, OCtene, noneae, docene, pontadecene, 



25 

7. 

30 
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eicosene r docosene, triacontene, acetylene, propyne, 
butyne, pent yne, hexyne, heptyne, octyne, nonyno, 
decyne, pentadecyne, eicosyne, docosyne. triacontyne, 
benzene, toluene, xylene r ethylbenzene, 
5 n-propylbenzene, cumene, n-butylbenzene, 

isobutylbenzene, eec-butylbeh2enep tert-butylbenzene, 
octylbenzene, tetradecylbenzene, and eicosylbenzeno. 

8. A composition according to claim 3, wherein the 
number of carbon atoms in the groups D l to D* is 

10 between about 2 and 8 carbon atoms. 

9. A composition according to claim 3, wherein D 2 , D 4 
and D 6 are hydrogen atoms. 

10. A composition according to claim 3, wherein D 1 
contains a CO0H group and D 3 and D 9 each contain at 

15 least one on r nh 2 or conh-z-Oh group. 

11. A composition according to claim 3, wherein D 3 and D 9 
each contain at least one COOK group and O* contains 
an OH, NH a or CONH-Z-OH group. 

12. A composition according to claim l, wherein said 
20 highly branched polymer has a glass transition 

temperature between about 50°C and about 130°C. 

13. A composition according to claim 1, wherein said 
highly branched polymer also contains a compound 
having no functional group A and at least one 

25 functional group B. 

14. a composition according to claim 1, wherein said 
highly branched polymer has a degree of branching of 
at least 40 

15. A composition according to claim l, wherein said 
3Q highly branched polymer is o polyester r a 

polyester amide, or a polyamide. 

16. A composition according to claim l, wherein said 
highly branched polymer contains at least 5 mol % of 
multifunctional monomer unit, AQB,, 
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A condition according to claim 1, wherein said 
highly branched polymer la a copolymer which contains 
about 0.01 to about 95 mol% of AQB monomer units and 
about 5 to about 99.9 *ol% of AQD, mono-or units. 
18 A composition according to claim 17. wherein said 

highly branched polymer is a copolymer wUicn contain* 
about 10 to about 99.9 mol% of AQB monomer units and 
about 0.01 to about 90 mol% of AQB, monomer unxts. 
A composition according to claim 18, wherein said 
highly branched polymer is a copolymer which contains 
about 20 to about 99.9 mol% of AQB monomer units and 
about 0.01 to about 80 mol% of AQB. monomer units. 
a method for the preparation of a highly branched 
polymer according to claim l, wherein said 
palymoriaatioxi occurs in a «*lt at a temperature 
between about 140 and 280"C. 
21 A method according to claim 20, wherein 

polymerization catalysts are employed in the melt. 
The use of a highly branched polymer according to 
claim 1, wherein said highly branched polymer is used 
as a multifunctional crosslinker in resins and 
coatings, multifunctional core for star polymers, 
compatibiliser in polymer blends, melt elasticity 
enhancers, viscosity regulators, binders, adhesivea. 
25 solubllizers, nucleants with respect to 

crystallization processes, ion exchangers, complexing 
agents, excipients of medicaments, catalysts, 
aolouranta. peroxides and other low molecular weight 
substances which ate adsorbed on the surface or 
dispersed in said polymers. 

A composition comprising a multifunctional monomer of 
the cormula AQB» wherein, 

(i) 0 represents a 1,3,5-triazine radical, A and B 
represent polymerizable functional groups 



19 

10 



20. 

19 



22 

20 



30 



23, 
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linked to 'said triazine radical 0 which react 
during polymerization, and x represents the 
number of B functional groups pet said 
multifunctional monomer before said 
j polymerization and is greater than or equal to 

2, 

Hi) said functional groups, A and B, react with 
each other, but not with themselves, under 
customary polymerization conditions, and 
(ill) said functional groups A and b react to form 
linkages. 

24. A composition according to claim 23, wherein said 
multifunctional mopomer, AOD„ is repreoented by 
formula I: 
15 D, 

20 N-D, 

K 

said polymer i*able functional group A is contained 
25 within the D l group, said polymerlzahle functional 

groups B are contained within tha D* to D s groups, 
and said functional groups A and B are selacted from 
the group consisting of -0*S -NHR 1 -COO**, CO*H*^ 
COWH-Z-OR 1 , -NCO. or -COE. wherein E is halogen, R 
30 can be hydrogen or a Cl to C36 hydrocarbon group, and 

Z can be a Cl to C36 hydrocarbon group. 
25 A composition according to claim 24, wherein said * 
is represented by -X-A, at least one of said D* to D 
groups are represented by -Y-B„, X and Y can be Cl to 
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C36 hydrocarbon groups, n is 1. 2, or 3, and X and Y 
link A and B, respectively , to the nitrogen atoms 
substituted onto the i,3,5-tria«ine ring. 
A composition wording to claim 25, whotoin n i« X. 
& composition according to claim 25, wherein X and * 
are Cl to C36 hydrocarbon groups derived from a 
hydrocarbon group selected from the group consisting 
of C t to C Jt -alkanea, C 3 to C 38 -cycloalkanea, C a to 
C as -Alkenes, C, to C„-alkynes, and C 7 to C M -arenes. 
A compoaition according to claim 27. wherein X and Y 
are two hydrocarbon groups substituted onto the same 
nitrogen atom to form a heterocyclic ring. 
A motfcod for th» preparation of a multifunctional 
monomer according to claim 24, wherein cyanuric 
chloride is roaotod with primary amines. H 3 NR» or 
secondary amines, ENRR', in the presence of sodium 
hydroxide in e» aqueoufl oolution, and » and *' are 
selected according to the desired configuration of 
the D 1 to D« groups in the AQB, monomer. 



10 28. 



29. 
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